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Figure 1. Spindle (actuator) position as a function of pulsewidth. 


Analogue servos are really ingenious bits of hardware. 
But there's an even better alternative: the digital servo! 
Based on the operation of the ‘normal’ servo we tell you 
what's so much better about the latest digital ones. 


A servo is a combination of a 
dc, ac or brushless motor with 
a position detection circuit. In 
modelling and robotics, we 
usually find three-wire dc ser- 
vos. Such a servo then con- 
sists of dc motor, a reduction 
gearbox and two mechanical 
‘stops’ preventing the spindle 
from turning beyond extreme 
positions. Usually, the servo 
also contains a potentiometer 


that enables the position of the 
spindle to be communicated to 
a small piece of electronics. 
The circuit, then, is the link 
between the motor, the mea- 
sured position and the real 
world. 

The three wires carry the sup- 
ply voltage, ground and the 
drive signal to the servo. The 
drive signal — in RC model- 
ling usually supplied by a 


receiver — determines the tar- 
get position of the servo 
spindle. If external forces (like 
air pressure on a model plane 
rudder) try to change the 
spindle position, the feedback 
in the control circuitry will 
counteract the movement and 
ensure the rudder remains in 
the desired position. As long 
as its drive signal remains 
unchanged, a servo will main- 


tain the current spindle posi- 
tion, correcting it if necessary. 
Only if there’s a change in the 
drive signal will the spindle 
move to a different position. 


Operation 

The drive signal consists of 
rectangular pulses with a 
swing of 5 V. The pulse period 
time is constant and the width 
of individual pulses determi- 
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Figure 2. Motor voltage when a certain spindle position is maintained (left: analogue — right: digital). 


nes the spindle position. The 
zero or home position of a 
servo corresponds t a pulse 
width of about 1.5 ms. Depen- 
ding on the desired amount of 
spindle rotation, the control 
pulses are shortened or leng- 
thened. However, the period of 
20 ms is maintained al the 
time. 

The servo actuator spindle is 
coupled to a potentiometer. 
Consequently, the potentiome- 
ter’s wiper position not only 
indicates the spindle position 
but also equates to a certain 
pulsewidth. The internal elec- 
tronics looks after this fixed 
relationship, maintaining the 
spindle position until a change 
in the drive signal pulsewidth 
occurs. 


The digital way 

In recent years, servos have 
seen great improvements — 
size, responses time and actu- 
ator force have been subject to 
constant improvements. The 
latest development called 
‘digital servo’ is an important 
step forward. 

In principle, the digital servo is 
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equal to its analogue ancestor. 
The only difference exists in 
the activities of a microcon- 
troller constantly analysing the 
drive signal and if necessary 
driving the motor. The mecha- 
nical construction is the same 
as that of the analogue coun- 
terpart. 

The use of a microcontroller 
offers significant advantages. 
As already mentioned, an ana- 
logue servo is capable of cor- 
recting its spindle position to 
counteract external forces. Not 
much will happen if the exter- 
nal ‘disruption’ is small, as 
small changes equate to nar- 
row pulses. In many cases, the 
effective power fed to the 
motor under these conditions 
is too low to get the motor to 
turn so a certain amount of 
hysteresis is created: below a 
certain limit, the servo will 
respond in a non-linear fashion 
to disturbances in the spindle 
position. With digital servos, 
the microcontroller has been 
programmed to ‘know’ the 
motor’s specific response and 
account for it in the way it is 
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of the pulses sent to the motor 
in response to a relatively 
small spindle movement will 
be larger than with an analo- 
gue servo. Because the soft- 
ware allows the processor to 
calculate the optimum amount 
and length of the drive pulses 
for a certain disturbance or 
desired position, a digital 
servo will show much faster 
accurate responses. 


It’s not just the ‘intelligence’ 
that makes the servo behave 
the way we want. A further 
difference with analogue ser- 
vos is the use of much higher 
switching frequencies of the 
motor drive pulses. This not 
only benefits the accuracy, but 
also allows more power to be 
delivered as the motor can be 
‘on’ more often. Extra power is 
not only practical in maintai- 
ning the existing spindle posi- 
tion, but also when moving to a 
new one because the sensor 
can accelerate much faster 
and reach the target position 
well before its analogue coun- 
terpart. 


Increased energy consumption 
is a direct consequence of hig- 
her motor pulse speeds. This 
disadvantage should be duly 
considered when applying the 
new digital servos in any bat- 
tery-powered equipment like 
model craft. Fortunately, the 
problem is far from insurmoun- 
table thanks to recent advan- 
ces in battery technology. 
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